We recently sho w ed a deficiency of cyclic AMP (cAMP)-dependent protein kinases in pso riati c cells. In this work the effec ts of retin oids on cAMP-dependent pro tein kinases of fibrobl as ts from 7 no rmal subjects and 7 pso riatic patients w ere studied . The levels o f RI and RII (two fo rms of the cAMP-dependent pro tein kinases) present in co ntrol and retin oic acid-trea ted cells were qu antitated by photoaffmity labelin g w ith [8-azido-32 P] cAMP . In psoriatic fibroblas ts th e levels o f RII are decreased or undetectable compared with th ose of no rmal fibro blas ts bo th in the cytosolic and m embrane fractio ns. The amount of RI w as normal in the cytosol of fibro bl as ts o f 5 ou t of 7 patients and decreased in 2 patients. M embrane-associated levels of RI w ere decreased in 5 patients and normal in 2 patients. P soriasis les ions offer a model to stud y benign cell hyperproliferation with abno rmal di ffe rentiation [1 ,2). The role of cyclic AMP (cAMP) in cellular g rowth is w idel y debated [3, 4] . Th e regul ato ry effects of cAMP in mamm alian cells are mediated th ro ugh the acti va tio n o f the cAMP-dependent protein kinases [5 ,6]. T wo fo rms of the cAMPdependent protein kin ases have been identified and are referred to as ty pes I and II. These two fo rms of the cAMP-dependent protein kinases differ in the nature o f their regul atory subunits (RI and RII) since their catalyti c subunits appear to be identical [7J . Recent evidence in several cell systems is consistent w ith the view that the type I isoenzy me of cAMP-dependent protein kinase has a positi ve ro le in cell proliferati o n, whereas the type II isoenzym e is invo lved in the modul ati o n of cell di fferentia tio n and g rowth inhibitio n [8-10J.
We recently sho w ed a deficiency of cyclic AMP (cAMP)-dependent protein kinases in pso riati c cells. In this work the effec ts of retin oids on cAMP-dependent pro tein kinases of fibrobl as ts from 7 no rmal subjects and 7 pso riatic patients w ere studied . The levels o f RI and RII (two fo rms of the cAMP-dependent pro tein kinases) present in co ntrol and retin oic acid-trea ted cells were qu antitated by photoaffmity labelin g w ith [8-azido- 32 P] cAMP . In psoriatic fibroblas ts th e levels o f RII are decreased or undetectable compared with th ose of no rmal fibro blas ts bo th in the cytosolic and m embrane fractio ns. The amount of RI w as normal in the cytosol of fibro bl as ts o f 5 ou t of 7 patients and decreased in 2 patients. M embrane-associated levels of RI w ere decreased in 5 patients and normal in 2 patients. P soriasis les ions offer a model to stud y benign cell hyperproliferation with abno rmal di ffe rentiation [1 ,2) . The role of cyclic AMP (cAMP) in cellular g rowth is w idel y debated [3, 4] . Th e regul ato ry effects of cAMP in mamm alian cells are mediated th ro ugh the acti va tio n o f the cAMP-dependent protein kinases [5 ,6] . T wo fo rms of the cAMPdependent protein kin ases have been identified and are referred to as ty pes I and II. These two fo rms of the cAMP-dependent protein kinases differ in the nature o f their regul atory subunits (RI and RII) since their catalyti c subunits appear to be identical [7J . Recent evidence in several cell systems is consistent w ith the view that the type I isoenzy me of cAMP-dependent protein kinase has a positi ve ro le in cell proliferati o n, whereas the type II isoenzym e is invo lved in the modul ati o n of cell di fferentia tio n and g rowth inhibitio n [8-10J. While variable res ults have been reported fo r the intracellular cAMP levels present in psori atic tiss ues [11, 12] , experimental evidence does suggest a role of cAMP in the manifes tation of this hyperp roli fe rati ve skin disease [11 , 13) . Furtherm ore, we recentl y have shown decreased levels o f cAMP-dependent pro tein kinase acti vity in fibro blas ts and red bl ood cells obtained fro m psoriati c Man uscript received September 2, 1986; accepted for publi ca tion January 21, 1987 Retinoic acid trea tment indu ces an in crease in th e am o unt of Rl and RII regulato ry subunits w hen they are defi cient in the cytosoli c and m embra ne fractio ns of psoriati c fibroblas ts. Retinoic acid had no effect on RI and RII in no rmal fibro blas ts . In addition , with in vitro retinoic acid trea tm ent the cAMP-depend ent pro tein kinase acti vity, m easured in the fibro blasts of 4 psoriatic patients, was in creased in the cy tosol in 2 patients and in th e m embranes in all 4 patients. In these studies, co mp arable results were obtained with fib ro blas ts cultu red fro m in volved and unin vol ved skin . T his in vitro effect of retin oids on cAM P-dependent protein kinases in pso riatic fibro blas ts m ay help to explain so m e of the in vivo therapeutic effects of retinoids . ] Invest D ermatol 89: [105] [106] [107] [108] [109] [110] 1987 subj ects. This decrease in protein kinase levels correlates well w ith th e severity of the disease [1 4] . Retinoic acid derivati ves have been used w ith success as therapy in psori as is [15-1 7] . These compo unds have been shown to increase cAMP-dependent pro tein kin ase acti vity during differentiati on of tum oral cells [1 8] . These fi ndings led us to stud y the effects of retino ic acid and o ther retinoid deri va tives on the acti vity and distribution of the cAMP-dependent protein kinases in psori ati c fi bro blas ts. Fibroblasts in Culture Hum an fi broblas ts were isolated fro m normal and untrea ted psoriatic adult pati ents by enzy m ati c di gesti on of small pieces (4 mm) of dermis from skin biopsies taken fro m nonlesional and lesional tiss ue. T he skin fr ag m en t was rin sed 2 times w ith 5 1111 of wa rm (37°C) H am 's F1 2 culture medium containin g penicillin (50 U / ml) and streptom ycin (50 jLg/ ml). The was hed skin sam ple then was min ced into small pieces and incubated w ith try psin (2. 5 mg/ ml) in 10 ml of H am 's F12 m edium 105 for 1 h. Th e tr ypsini zed skin frag m ents we re isolated by lowspeed centri fugatio n (1000 rpm for 3 min) and th en incubated in Ham 's F12 m edium containin g co llagenase (1 m g/ ml) for 12 h at 37°C w ith shakin g in a ro tato ry in cubato r (N ew B run swick). Cells were isolated from this in cubation mi xture by centrifu gation at 400 g for 10 min , th e cell pellet res uspended in 5 ml of H am 's F12 medium containing 20% feta l ca lf serum , peni cillin (50 U / m l), and streptomycin (50 p,g/ ml) , and plated onto a 100-mm cell cul ture dish. Cells were grown in a 5% CO 2 humidified atm osphere at 37°C and th e culture medium was chan ged every 3 days. For protei n kinase determination s the cells we re used after their 4th-5th passage. Where indi ca ted retinoic acid, o r derivatives, disso lved in absolu te eth ano l were added 1 day after platin g to give a fina l conce ntration of 1 p,M. T he fin al concentration of ethanol in the m edium did not alter cell g rowth m orph ology, o r protein ki nases levels.
Preparation of Cellular Fractions All procedures we re performed at 0°_4°C. Cell s were was hed 3 tim es wi th icc-cold bu ffe r [50 mM Tris-H C I, pH 7.S, 0.33 M sucrose, 1 mM M gCI 2 , leupep ti n (1 mg/50 m l)], harvested fro m the dish by scra pin g and homogeni zed usin g a Ooun ce homogenize r. For photoaffi nit y label in g, the homogenate was centrifu ged at SOO g for 10 min and the pel let was discarded. A crude plasma m embrane fraction was obtained by cen trifugin g the supernatant at 10,000 /o!. for 10 mi n. T he 10,000 g supern ata nt was ce ntrifuged at 100,000 g for 45 mi n and the resultin g superintant was used as the cy tosolic fract ion . Fo r protein kinase determination s th e homogenate was ce ntrifuged for 5 min at 10,000 g in a minifu ge (Beckman) and the supernata nt and pellet were assayed.
Photoaffinity Labeling With [8-azido-32 P ]cAMP Photoaffinit y labelin g of the RI and lUI regul atory su buni ts of the cAMPdepe ndent protein kin ase was perfo rm ed as described by Walter et al 11 9] . The rea ction mi xture (SO p,1 ) contained 50 mM 2[NMorpholino]ethane sulfo ni c acid, pH 6.2, 10 mM M gCI 2 , 1 p, M [S-az ido-32 P] cA MP and 100 p,g of cytosoli c o r membrane protein .
Where indica ted 10 p,M cAMP was included to determine nonspecifi c labeling. Incubation was ca rried out for 60 min in the dark at 4°C, and the sa mples we re then irrad iated for 10 min w ith a UV lamp. T he irrad iate<;l samp les were pipetted into 20 p,1 of a stop so lu tion con tainin g 9% sod ium dodecy l sulfate (SOS), 15% glycerol, 3 mM EDT A, 30 mM Tris buffer, pH S, and heated at 100°C for 20 s. Two microli ters of 2-m erca ptoethanol anti 5 p,1 of 0.1 % bromoph enol blue in 50% glyce rol were then added. T he sa mples were subj ected to 5-10% grad ient polyacry lamide slab gel electrophoresis in th e presence of SOS. T he gels were either dri ed and auto rad iograph y ca rri ed o ut at -SO°C using Cronex 4 D upont de N emours m edi cal x-ray fi lm or cut into 2-mm slices and rad ioactivity determined. The autoradiographs were scan ned with a microdensitometer. When ca re was taken not to saturate th e x-ray fi lm , th e peak heights of th e densito m etri c scans were proportional in all in stances to the total rad ioactivit y of the correspond ing peaks es timated by scintillatio n co unti ng as in Wa Iter et al [1 9] . T he values of R I and RII were calcul ated b y integ ratin g the areas under the curves o btained from the mi crodensitometric scans of the autoradiographs and subtracting the nonspecific labeling. In ex periments w here radioa cti vity in each band was quantitated, gels we re cut into 2-mm slices, and each slice was pl aced in a counti ng vial and dissolved by in cubatio n w ith 0.2 m.l of Soluene 350 (Packard) at 37°C for 1 h. Five millili ters of Instafluor (Packard) was th en added and rad ioactivity determ ined.
Protein Kinase Assay Cycl ic AMP-depend ent protein kin ase activity was m eas ured as described by Roskoski [20] , using kemptide (a hi ghl y specific substrate of cAMP-dependen t protein kinases) as th e phos phate acceptor. Five microg rams' of cytosolic or membrane protein was used to ca ta lyze the transfer of 32p fro m ATP (5000 pmol, 5 X 10 5 cpm) to 4 p,g of ke mp tide, in the presence of 50 mM 3[N-M orp ho lin o]p ropa ne sulfonic acid, pH 
by spottin g 25 p,1 of the reac ti o n mixture onto a PSI paper strip w hi ch was dropped in ice-cold 5% ph osphoric acid (10 ml/paper strip) . This was fo llowed b y 3 more 5% phosphoric acid was hes with swirlin g of the strips at 200 rpm for 2 min durin g each was h. After dryin g, the pape r st rips were placed into scin till atio n solvent and co unted. Background co unts determin ed in th e absence of enzyme were subtracted fro m all experim ental va lues . Protein kinase acti vity is expressed as pmol of T he m ajor band (M r -51,000) and the second band (M r -56,000) co rrespond to the RI and RII subunits, respectively. As previo usly show n [14] , the levels of R I and RII are decreased in psoriatic fibroblasts esta blished from bo th involved and unin vo lved skin. Interestin gly, retinoic acid treatment of norma l fibrob lasts does not change the levels of Rl and R H. H owever, w ith psoriatic fibrobl asts there is a clear in crease in both R I and RII with retinoic acid treatment. T he levels of R I and RII present in the cytosol and m embrane fractio ns prepared from fibroblasts es tabli shed from skin biopsies of 7 normal subj ects and 7 psori ati c subj ects are quantitated in Tables I and II . These results further substantia te that retinoic acid trea tment has no effect on the am o unt of the RI and R II regul ato ry subunits fo un d in the subcellular fractions of normal fib roblasts. Similarl y, w hen normal fibrobl as ts are treated for 4 days with. 13-cis-retin oic acid , arotino id , o r RO 101670, no changes in R I o I' R II levels are observed (data not shown). In pso riati c fibrob lasts the levels of R II are clearl y decreased, o r undetectab le relative to that of norma l fib ro blas ts, both in the cytosoli c and m embrane fractions. The sa m e deficiency in the type II regulatory subunit is observed in fibroblasts cultured fro m both in vo lved and unin volved skin obtai ned from the psoriatic subj ects. The amo unt of RI was norm al in the cytosolic fraction o f fib ro blasts of 5 o ut of 7 patients, and decreased in 2. Cytosols prepared from fibroblasts es tablished from invo lved and uninvo lved skin of pso riatic subjects exhibit the sa m e am o unt of the type I regu latory subuni t. M embrane-associated levels ofRI were fo und to be decreased relati ve to norm al in fibroblasts cultured fro m invo lved sk in of 5 psoriatic patients (B, C, 0, E , and F) and but we re at norm al levels for 2 of the patients (A and G). Where determined (patients B, C, and 0), the levels ofRI at the membrane were si mil arl y modified in fibrobl asts cultured from both involved and uninvolved skin .
Of particul ar interest is the find in g that retin oic acid treatment indu ces a clear increase in the am o unt of the R l and RII regulator y subuni ts, w hen they are deficient, in the cytosolic and m em brane fract ions of psoriatic fib roblas ts. measured in the cytosolic and membrane fra ctions of fi broblas ts established fro m 4 no rm al subj ects and 4 psoriati c patients (Table  III) Effect of retinoic acid (RA) treatment On the amount of I8-azido-"Pl cAMP specifi call y bound to proteins present in the cytosolic fra ction of normal and psoriatic fibroblasts . Cytoso lic frac tion was prepared from cultured fibrob lasts established from skin biopsies (from uni nvolved and involved skin in psoriatic patients) as indicated, either trea ted or untrea ted (control) fo r 3-4 days with 1 iJ.M RA. O ne hun dred micrograms of protein was photoafftnity labeled with I iJ. M [8-azido-" l'jcAMP in the presence and absence of 10 iJ.M cAMP and then ana lyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The amount of " I' bound was quantitated by densitometric sca nnin g of the auto radiograph of the gel. Nonspecific labeling (noted in the presence of added cA MP) was subtracted and levels of RI and RII were calcula ted based on the specific activity of [8-azido-" Pl cA MP. Results arc the mean of dup licate determinations and expressed in femtomolcs bound per milli gram of protein of the cell fraction.
el u ding fibrob lasts [24] [25] [26] , and are requi red for normal epithelial cell d iffe rentiation [27] . Thus there is con siderable inte rest in elucidatin g the m ech a nis m by which retinoic acid mediates cell g rowth a nd different iation. In this rega rd retinoic acid trea tme nt ofB16F l murine melanoma cell s [28] a nd F9 teratocarcinoma cell s [18] h as been sh own to significantly in crease cAMP-depe ndent protein kinase activity, suggestin g that this effect o n protein kinase m ay b e in volved in mediating some of the actions of retinoic aci d .
Epidermal hyperp lasia associated with a n inflam m atory process is the most p romine nt indication of psoriasis lesion s. H owever, recent studies offer evid e n ce that dermis h as a predominant role in th e appea rance of psori a tic lesio n s, w hi ch combines benign h ype rpro liferation with abn ormal differentiation [29] .
In this com muni ca ti o n we present additio n al evidence to su pport our initi al observation that there is a deficiency of cA MPd e p e nde nt pro tei n kinases in hum a n psoriatic fibroblasts [14] . Of Table II Effect of retinoic acid (RA) treatment on the amount of 18-azido-J2 Pj cA MP specifically bound to proteins present in the membrane fraction of normal and psoriatic fibrob lasts. Membrane fractions we re prepared from cu ltured normal and psoriatic fibroblasts (from ininvolved and involved skin in psoriatic pa tients), either trea ted or untreated (control) for 3-4 days with 1 iJ.M RA. Legend sa me as for Table l. 
